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Abstract: Globally, excess winter morbidity from ischemic heart disease (IHD) is reported. 
In subtropical regions, there is a need to quantify the difference in the adverse effect of  
cold winters compared with hot summers, particularly among the older people. Our 
objectives were to: (i) compare the effect of winter on IHD hospitalizations with that of 
summer; (ii) examine temporal trends in the excess winter hospitalizations; and (iii) investigate 
the effect of age, gender, and meteorological factors on predicting such excess. Inpatient 
admissions due to IHD as principal cause during June 2000 to February 2009 in public 
hospitals of Hong Kong were extracted for the population aged ≥65. An Excess 
Hospitalization in Winter vs. Summer (EHWS) Index was used to contrast the adverse 
effect of weather on hospitalizations in winter vs. summer. Multiple linear regressions were 
used to investigate the trend and the predictors of such index. It was found that in  
a subtropical city, greater effect of winter on IHD hospitalizations than summer was 
observed, particularly among the oldest old (an index of 61.5% (95% CI: 49.5%–74.4%) 
for men aged ≥85 and 32.3% (95% CI: 25.5%–39.5%) for women aged ≥85). There was 
significant increasing trend in the index among those aged ≥85 but the age difference was 
less prominent among the women. Absolute level of coldness was not a significant factor, 
whereas the change in temperature was a significant factor, which implies that great 
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fluctuation in temperature within a winter day had greater impact on occurrence of 
circulatory disease than an absolute temperature threshold. 
Keywords: excess winter morbidity; hospitalization; cold weather; subtropical climate; 
Hong Kong; older population; ischemic heart disease 
 
1. Introduction 
Aging is related to impaired homeostasis in response to environmental stressors. One such stressor 
is environmental temperature [1]. There is extensive literature on excess winter morbidity and 
mortality worldwide, including regions in both Northern and Southern hemispheres [2–7]. It has been 
documented that the circulatory system is more sensitive to weather stress. Higher blood pressure  
and increased coronary thrombosis have been shown to be associated with lower environmental 
temperature [8,9]. However this phenomenon is not only observable in cold winters, and it could also 
be observed in hot summers [10]. There is a need to quantify the difference in impact of winter on the 
occurrence of circulatory diseases as compare to summer, particularly in a subtropical region. 
Hong Kong is located at the southeastern coast of China which has a subtropical climate, where 
summer is hot and humid, and winter is cold and dry. During winter, the normal monthly means of 
daily minimum temperature ranges from 14.5 °C in January to 15.9 °C in December [11]. Normally, 
the average number of days with daily minimum temperature of 12 °C or below ranges from 3.3 days 
in December to 6.8 days in January [12]. However, adverse effects due to occasional extreme cold 
temperature are still observable. Excess cardiovascular mortality in winter was observed among the 
Hong Kong population, particularly the older population [13–15]. In a previous study, we also found 
excess IHD hospitalizations in winter in both community-dwelling and institutionalized older people, 
with more prominent effect among the institutional population [16]. 
A different optimal temperature range may apply to the subtropical region. It has been documented 
that the effect of cold weather on cardiovascular mortality was more prominent than the effect of heat 
in countries where the weather is predominantly warm and hot [17]. In a study conducted in Shanghai, 
China, cold weather was shown to exert a higher impact on cardiovascular hospital admissions than 
hot weather [18]. This would likely be the case in Hong Kong where the population is used to be 
exposed to warmer climate. Temperature-wise, even though the local winter is milder and less stressful 
than those countries located in the temperate zone of the world, the effect of temperature drop from 
sudden and persistent cold spells, in the Hong Kong context, can already lead to adverse health effect. 
The Hong Kong population is aging rapidly. The proportion of people aged 65 and above will reach 
30% by year 2041 [19]. If the older population is more prone to the adverse effect of cold weather, the 
increasing number of older people would result in more IHD hospitalizations in future winters. There 
is a need to examine the excess IHD hospitalizations in winter, explore possible reasons, and formulate 
recommendations to the health service providers and the public. Since adverse health effects of hot 
weather have also been reported in Hong Kong [14,15], we will contrast the effect of cold winter to hot 
summer. The objectives of this study were to: (i) compare the effect of winter on IHD hospitalizations 
with that of summer; (ii) examine temporal trends in excess IHD hospitalizations in winter;  
Int. J. Environ. Res. Public Health 2014, 11 3847 
 
 
and (iii) investigate the relationship between such excess hospitalizations with age group, gender, and 
meteorological factors.  
2. Methods 
2.1. Data Collection 
Hospital discharge data for the Hong Kong population aged 65 years and above were obtained from 
the Clinical Management System database of the Hong Kong Hospital Authority (HA). This inpatient 
dataset contains information on patients’ age, gender, principal diagnosis of admission, date of 
admission and discharge for each admission. The dataset covers discharges during 2000–2009; 
admissions with discharge date after 31 December 2009 were not included. Admissions due to IHD 
were identified by the principal admission diagnosis, which was coded according to the International 
Classification of Diseases (9th Revision, Clinical Modification [ICD-9-CM]) as codes 410–414. This 
dataset represents the majority of IHD inpatients in Hong Kong, since 88%–94% of IHD admissions 
were made to public hospitals (www.ha.org.hk). To distinguish new IHD episodes from inter-hospital 
transfers and re-admissions, hospital admissions within 30 days from the last date of discharge were 
classified as the same episode. 
Meteorological data were principally recorded and obtained from the Hong Kong Observatory 
(www.hko.gov.hk), including: (i) number of cold days; (ii) number of very hot days; (iii) number of 
hot nights; (iv) number of hours with Cold Weather Warning; (v) number of hours with Very Hot 
Weather Warning; (vi) daily minimum temperature; (vii) daily maximum temperature; (viii) daily 
mean temperature; (ix) daily mean relative humidity; (x) daily mean wind speed; and (xi) number of 
hours with reduced visibility. Meteorological data (i) to (v) were based on the general situation of the 
whole territory taking into account measurements at various monitoring stations. Meteorological data 
(vi) to (x) were based on the measurements taken at the monitoring station located at the Hong Kong 
Observatory’s Headquarters at Tsim Sha Tsui, which is often used as the reference for the local 
weather. Daily data were used to calculate the total number in the season or the average number during 
the season. No missing value was observed from the data. The Hong Kong Observatory defines cold 
days as days with daily minimum temperature ≤12 °C, very hot days as days with daily maximum 
temperature ≥33 °C, and hot nights as days with daily minimum temperature ≥28 °C. Temperature 
falling into the range for defining cold days, very hot days, and hot nights is considered as extreme 
temperature in Hong Kong. Corresponding weather warnings are issued by the Hong Kong Observatory 
whenever Hong Kong experiences cold and very hot weather, to inform and advise public to take 
appropriate precautionary actions to the danger of temperature-induced adverse health effects. Local 
literature showed that the issue of Very Hot Weather Warning had protective effect towards IHD and 
stroke mortality among the older population [20]. Thus, the number of hours with Very Hot Weather 
Warning and Cold Weather Warning were included. Reduced visibility has been used as a proxy to air 
pollution and was shown to be associated with increased cardiovascular mortality among the older 
Hong Kong population [21]. Thus, the number of hours of reduced visibility, defined by the Hong 
Kong Observatory as visibility below 8 km, with relative humidity below 95%, no fog, mist, or 
precipitation, was used as a proxy for air pollution. Net Effective Temperature (NET) is a well-defined 
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measure to summarize the combined effect of ambient temperature, relative humidity and wind  
speed [22]. The Hong Kong Observatory found that a NET above 26 °C or below 14 °C was likely to 
increase mortality rates, particularly among the older population [14]. Hence, we calculated the daily 
NET based on the formula using temperature, humidity and wind speed as variables [14,22], and 
counted the number of days with NET above 26 °C and number of days with NET below 14 °C for the 
analysis. There were studies showing that larger daily temperature range, defined as daily maximum 
temperature minus daily minimum temperature, was related to higher hospitalization [23–26]. Hence, 
the mean daily temperature ranges in summer and in winter were calculated for analysis. There were 
also studies about the effect of daily temperature on health [13,23,24]. Hence, mean daily minimum 
temperature in winter, mean daily maximum temperature in summer, mean daily mean temperature in 
winter and mean daily mean temperature in summer were also calculated for examination. 
Ethics approval was obtained from The University of Hong Kong and The Chinese University of 
Hong Kong. 
2.2. Data Analysis 
Hospitalization episodes in winter were defined by the date of admission during the coldest months 
of the year, i.e., December of the year, and January to February in the following year, and summer 
from June to August. Hence, with data available for years 2000 to 2009, only nine complete winters 
(ending February 2008) could be used for data analysis. Excess Hospitalization in Winter vs. Summer 
(EHWS) Index was developed to assess the effects of cold weather on hospitalization by difference in 
episodes between winter and summer months, in a similar manner as the commonly used Excess 
Winter Mortality Index [27–29]. Similar to the Excess Winter Mortality Index, the EHWS Index 
adjusted for the difference in number of calendar days in winter vs. summer, with an aim to contrast 
the number of hospitalization in different seasons, despite the annual variation in level of coldness or 
warmness. While the duration of the cold period might affect the number of adverse health events, 
there are other factors, such as level of coldness or other unobserved conditions, which might be 
difficult to adjust for. Therefore, only the number of calendar days was adjusted as a proxy to the 
winter weather and summer weather. EHWS was defined by: 
EHWS = nw − (nS × 90/92) 
where nw is the number of hospitalization episodes in winter and nS is the number of hospitalization 
episodes in summer. The constant (90/92) is for adjusting the difference in number of days in the 
winter and summer months. In leap years, the constant (91/92) was used. The EHWS Index, expressed 
as percentage, was defined by: 
EHWS Index (I) = EHWS/(nS × 90/92) 
A positive index indicated that there were higher than expected hospitalizations in winter compared 
to those in summer, and vice versa. A zero index indicated equal hospitalizations in winter and those in 
summer, adjusted for the duration of the season. To reflect the precision in the estimation of the index, 
a Confidence Interval (CI) was constructed. A CI covering zero implied an insignificant difference 
between the number of hospitalization in winter and in summer. The calculation of the confidence 
limits was based on the methods suggested in existing reference [28]. Similar to other ratio estimates, 
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such as relative risks and odds ratios, the natural logarithm of the ratio approximately follows Normal 
distribution [30]. Therefore, the confidence limits for a ratio were usually given by taking exponential 
of the confidence limits of the natural logarithm of the ratio. Furthermore, the formula of the 
confidence limits had to take into account that the EHWS Index involved subtraction of the 
hospitalizations in summer (which is also the denominator) in the numerator. Hence, the 95% CI of 
EHWS Index were calculated by: 
Lower confidence limit = [(I + 1)/exp(1.96 × sqrt (1/nw + 1/nS))] − 1 
Upper confidence limit = [(I + 1) × exp(1.96 × sqrt (1/nw + 1/nS))] − 1 
To examine the trend in IHD EHWS Index, multiple linear regression was used with the annual 
IHD EHWS Index in 2000 to 2008 as the dependent variable. Age groups (65–74, 75–84, ≥85), 
gender, and year were used as independent variables. The interactions between the independent 
variables were included to examine if the trends were different across different age groups and gender. 
Insignificant interaction terms (p > 0.05) were removed from the model. 
To examine the effects of meteorological factors on the IHD EHWS Index, multiple linear 
regression was used with the annual IHD EHWS Index as the dependent variable and age groups and 
gender were entered as independent variables. The meteorological variables, including (i) number of 
cold days in winter; (ii) number of very hot days in summer; (iii) number of hot nights in summer;  
(iv) number of hours with Cold Weather Warning in winter; and (v) number of hours with Very Hot 
Weather Warning in summer; (vi) number of days with Net Effective Temperature (NET) below 14 °C 
in winter; (vii) number of days with NET above 26 °C in summer; (viii) mean daily temperature range 
in winter; (ix) mean daily temperature range in summer; (x) mean daily minimum temperature in 
winter; (xi) mean daily maximum temperature in summer; (xii) mean daily mean temperature in 
winter; (xiii) mean daily mean temperature in summer; (xiv) number of hours with reduced visibility  
in winter; and (xv) number of hours with reduced visibility in summer, were used as independent 
variables, the significant predictors would be selected to the final model using the stepwise procedure 
(entry p < 0.05 and removal p > 0.10). The residuals from the final model were examined for the 
regression model assumptions (linearity, independence, homoscedasticity, and normality). Absence of 
multicollinearity was checked by a variance inflation factor (VIF) of less than 5. 
SPSS version 20 (SPSS Inc. Chicago, IL, USA) was used for all the statistical analyses. A significant 
level of 5% was adopted. 
3. Results 
Table 1 shows a summary of the meteorological data in Hong Kong during June 2000 to February 
2009. There were on average 14.4 cold days, 10.4 very hot days and 17.1 hot nights each year. On 
average, there were 68.1 days with NET below 14 °C each year and 20.3 days with NET above 26 °C. 
Mean daily range of temperature was similar in winter and in summer (4 °C). Daily mean temperature 
varied from 17.4 °C in winter to 28.4 °C in summer. The average daily minimum temperature in winter 
was 15.5 °C, whereas the average daily maximum temperature in summer was 30.8 °C. 
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Table 1. Descriptive statistics of the meteorological data in Hong Kong, June 2000 to 
February 2008. 
Variables Mean Range 
Number of cold days in winter 14.4 5−32 
Number of very hot days in summer 10.4 3−25 
Number of hot nights in summer 17.1 8−22 
Number of hours with Cold Weather Warning in winter 414.7 216.8−834.6 
Number of hours with Very Hot Weather Warning in summer 257.5 126.0−415.8 
Number of days with NET below 14 °C in winter 68.1 63−78 
Number of days with NET above 26 °C in summer 20.3 12−26 
Number of hours with reduced visibility in winter 427.2 248–593 
Number of hours with reduced visibility in summer 82.2 19–217 
Daily mean temperature in winter (in °C) 17.4 8.2−24.3 
Daily mean temperature in summer (in °C) 28.4 22.5−31.8 
Daily temperature range in winter (in °C) 4.1 0.7−12.1 
Daily temperature range in summer (in °C) 4.3 0.9−9.8 
Daily minimum temperature in winter (in °C) 15.5 6.4−23.3 
Daily maximum temperature in summer (in °C) 30.8 23.2−35.4 
A total of 54,869 IHD hospitalization episodes made in summers and winters during June 2000 to 
February 2009 were identified for the analysis, with 29,536 episodes from men and 25,333 from 
women. Admissions during winter months accounted for 29,435 episodes (equivalent to an average of 
36.3 episodes per day), whereas 25,434 admissions were made during summer (equivalent to an 
average of 30.7 episodes per day). Accounting for the different number of days in the two seasons, 
there were an excess of 4492 admissions (18.0%) in winter as compared to summer. Excess admissions 
due to IHD during winter were found, irrespective of age group and gender (Table 2). Mean EHWS 
Index due to IHD hospitalizations exacerbated with advanced age for both gender. The greatest gender 
difference in EHWS Index was found at age above 85. 
Table 2. Mean IHD EHWS Index (in %) among the older population in Hong Kong, by 
age group and gender, 2000–2008. 
Gender Age Group IHD EHWS Index (in %) 95% Confidence Interval (in %) 
Male 65–74 7.5 (4.2, 10.9) 
 75–84 27.1 (22.4, 32.0) 
 ≥85 61.5 (49.5, 74.4) 
Female 65–74 4.7 (0.5, 9.1) 
 75–84 21.0 (16.5, 25.7) 
 ≥85 32.3 (25.5, 39.5) 
Figure 1 shows that all age and gender groups had a positive EHWS Index, implying excess winter 
hospitalization, except for men aged 65–74 in 2001 and 2005 and women aged 65–74 in 2007 where 
slightly more summer admissions were observed. 
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Figure 1. (a) IHD EHWS Index among the male older population in Hong Kong, by age 
group, 2000–2008; (b) IHD EHWS Index among the female older population in Hong 
Kong, by age group, 2000–2008. 
 
(a) 
 
(b) 
For the trend analyses, interaction terms between gender and year were insignificant (p = 0.399), 
implying the trends in IHD EHWS Indices were indifferent between the two gender. Meanwhile, 
interaction terms between age group and year were significant (p = 0.007), implying the trends in IHD 
EHWS Indices differed by age groups. After removing insignificant interaction terms between gender 
and year, the final multiple linear regression model showed that there was significant increasing trend 
in IHD EHWS Index among those aged 85 and above (p < 0.001) but not among those younger age 
groups. The model also showed that IHD EHWS Index was significantly higher among men than 
women (p < 0.001), higher among those aged 85 and above (p < 0.001), and the gender difference was 
smaller among the younger age groups (p = 0.027). To investigate the observed trends in the EHWS 
Index, trend analyses of the hospitalization rate in winter and that in summer were performed 
separately. It was found that for the hospitalization rate in winter, the main effect year (p = 0.005), the 
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interaction terms between gender and year (p = 0.008), and the interaction terms between age group 
and year (p < 0.001) were significant, indicating there was significant trends in the hospitalization rate 
in winter and the trends were different among the age groups and gender. The population aged 85 and 
above was the only age group that showed a significant trend in the hospitalization rate in winter, with 
an annual increase of 23.3 episodes per 100,000 population (95% CI: 15.3–31.3). Men would have an 
additional increase of 11.1 episodes per 100,000 population (95% CI: 3.1–19.1) per year. For the 
hospitalization rate in summer, there was insignificant trend (p = 0.091), regardless of the different  
age-gender subgroups. 
In the regression analyses of the IHD EHWS Index on the meteorological variables, the final model 
based on stepwise selection procedure included mean daily temperature range in winter as significant 
predictor, in addition to age group and gender. Table 3 shows the fitted regression coefficients of the 
final model. The final model had an R-square of 0.558. Scatter plot of observed EHWS Index vs. 
predicted values showed that the linearity assumption was met by the oldest old age group, while the 
younger age groups had larger deviations. To examine the independence assumption, the Durbin-Watson 
statistic was found to be 1.5, which did not have sufficient evidence for significant residual 
autocorrelation at lag 1. Scatter plot of residuals vs. predicted value showed that homoscedasticity 
assumption was met for most of the values, except for the extremely large values. Normality 
assumption was met as shown by the test of normality of the residuals by Kolmogorov-Smirnov test. 
All VIF were less than 5, indicating the absence of multicollinearity. Similar to the model examining 
trends, this model showed that a higher IHD EHWS Index was significantly associated with older age 
groups, and the age difference was more prominent among men than women. It was found that when 
the mean daily temperature range in winter increased by 1 °C, the IHD EHWS Index would increase 
by 13.6 percentage points (95% CI: 1.2–26.1), implying that a larger fluctuation of temperature within 
a day was associated with more IHD hospitalizations in winter. 
Table 3. Results of the final multiple linear regression model for the IHD EHWS Index  
(in %) among the older population in Hong Kong. 
Parameter Fitted Regression Coefficient 95% Confidence Interval
Intercept −48.0 (−100.5, 4.5) 
Age group   
65–74 0 — 
75–84 19.0 (1.1, 36.9) 
≥85 54.7 (36.8, 72.6) 
Gender   
Female −3.3 (−21.2, 14.6) 
Male 0 — 
Interaction between age group and gender   
Female 65–74 0 — 
Female 75–84 −1.3 (−26.7, 24.0) 
Female ≥85 −29.0 (−54.4, −3.7) 
Male 65–74 0 — 
Male 75–84 0 — 
Male ≥85 0 — 
Mean daily temperature range in winter 13.6 (1.2, 26.1) 
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4. Discussion 
This study examined the adverse effect of winter on IHD hospitalizations among the Hong Kong 
older population aged 65 and above, using inpatient data during 2000–2009. An EHWS Index was 
used to contrast the adverse effect in winter vs. summer. The positive EHWS Index showed that there 
were more IHD hospitalizations in winter than in summer, suggesting that the adverse impact of winter 
on circulatory disease was greater than that of summer. Multiple linear regression models showed that 
oldest old population (aged 85 or above) had higher EHWS Index than those aged 65–84, suggesting 
greater impact of cold among the oldest old. A significant increasing trend in IHD EHWS Index was 
observed among those aged 85 and above but not the other age groups, but the trends were indifferent 
between the two gender. Winters with larger fluctuation of temperature within a day were associated 
with higher IHD EHWS Index, due to the increased winter hospitalizations. 
Given an average level of daily temperature range in winter at 4.1 °C in Hong Kong in 2000–2008, 
the fitted regression model predicted all population subgroups except those aged 65–74 had a positive 
EHWS Index significantly different from zero. The population aged 85 and above had an index of 62.4 
(95% CI: 49.8–75.1) for the men and 30.1 (95% CI: 17.4–42.8) for the women. Men aged 75–84  
were predicted to have an index of 26.7 (95% CI: 14.1–39.4) and women of the same age group  
an index of 22.1 (95% CI: 9.4–34.8). For those aged 65–74, the index for men was predicted to be  
7.8 (95% CI: −4.9–20.4), whilst that for women was 4.4 (95% CI: −8.2–17.1). The largest positive 
index among the oldest old implied that they were the mostly prone to the cold weather in winter, 
when different age groups were exposed to the same weather conditions. Therefore, preventive 
measures should be targeted at this group of the population which is growing rapidly. By year 2041, 
about 5.8% of the population will be classified as oldest old [19]. Furthermore, it was found that the 
hospitalization rate of IHD in winter was increasing among those aged 85 and above, in contrast to the 
static trend in summer. This further highlights the need to tailor public health strategies to avoid IHD 
hospitalization in winter among this high risk group. 
The findings are consistent with previous findings that there were more IHD hospitalizations in 
winter than in summer [17,18], and that the oldest old were more sensitive to the effect of cold  
weather [31]. Older people are more vulnerable to cold weather than younger people since they have 
decreased peripheral resistance and reduced thermogenesis, which result in diminished thermoregulation 
of body temperature [1]. Moreover, sarcopenia and the lack of body fat among older people also 
contribute greatly to the diminished insulation effect from skin, muscle and fat [1,32]. The older 
population has additional risk to adverse health outcome from cold weather due to pre-existing 
diseases which affect their body temperature [31]. 
Mean daily temperature range in winter, which was found as risk factor to IHD EHWS Index, was 
increasing over the year 2000–2008 (results not shown). However, only those aged 85 or above also 
showed an increasing trend in the EHWS Index and IHD hospitalization in winter, implying the oldest 
old group was more sensitive to the fluctuation in daily temperature than the younger age groups. 
Furthermore, variables related to the level of coldness, such as minimum temperature, mean 
temperature, number of cold days, number of hours with Cold Weather Warning, and number of days 
having NET below 14 °C, were found to be insignificant factors. The findings implied that great 
fluctuation in temperature within a day had greater impact on occurrence of circulatory disease than  
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an absolute temperature threshold. Lower body temperature, resulted from lower environmental 
temperature, was shown to be associated with increased platelet count, blood viscosity, plasma 
cholesterol concentration, and blood pressure, which might explain the rapid increases in coronary 
thrombosis in cold weather [8]. Furthermore, lower ambient temperature was associated with elevated 
blood pressure [9]. The effect of tremendous temperature change within a day might be explained by 
the fact that a decreased ambient temperature was associated with increased inflammatory blood 
markers, representing a higher risk for cardiovascular events [33]. The systolic blood pressure of older 
people increased after experiencing a mild cold, this increase was found to be persistent even after 
rewarming [32]. 
During the cold days, the Hong Kong government will remind the public, particularly the older people 
and those with chronic illnesses, to take precautionary measures, including wearing appropriately warm 
clothing, having sufficient energy intake, performing regular exercises, staying in warm environment, 
and seeking medical care if needed [34]. However, older people might not follow these advices 
effectively. There is no indoor heating in Hong Kong, and buildings are not built to retain heat. Energy 
inefficient housing which leads to low indoor temperature had been shown to relate to increased winter 
hospitalizations [5]. In Hong Kong, most of the air-conditioners only have cooling function, but not a 
warming function. The portable heaters used in domestic households, if available, are very ineffective 
in that it can only raise the room temperature within a very small area. People have to be very close 
enough to the heater to be able to feel the warmth. In institutional setting, electric wall bars are the 
only commonly used indoor heating equipment and the windows are kept open to allow ventilation. 
The indoor temperature of the institutional care facilitates was found to be below the World Health 
Organization’s recommendation of 18 °C [35]. Secondly, under-nutrition and being lean could affect 
thermoregulation among the older people [32,36]. Poor social and health conditions leading to  
under-nutrition are not uncommon among older people, resulting in inadequate body fat storage and 
insufficient calories to support thermoregulations during the cold days. Lack of physical activities was 
also a risk factor of cardiovascular disease [37]. Older people in Hong Kong are used to have morning 
exercises in parks. However, they do not go outside during cold days, which further deprive their 
opportunity from having enough exercise to keep circulation and warm. 
Hong Kong is located in the subtropical region, the average minimum daily temperature was 
usually above 12 °C in winter during 2000–2008 [38], where the winter temperature is not as low as 
those countries. However, the effect of winter on IHD hospital admission was still observed. It could 
be possible that people, particularly older people, had adapted to a relatively warm climate, such that in 
winter, larger temperature fluctuation within a day will trigger hospital admissions due to IHD [39].  
5. Strength and Limitations 
The strength of this study laid on the use of a territory-wide database spanning a decade to examine 
the effect of cold weather on IHD hospital admissions in Hong Kong. Nevertheless, our dataset did not 
capture all IHD inpatients in Hong Kong, since some patients were admitted to private hospitals. Our 
dataset covered about 88% to 93% of all IHD hospital admissions (www.ha.org.hk). By using the 
EHWS Index, we examined the ratio of IHD inpatient episodes in winter to those in summer. Hence, 
assuming the proportion of patients utilizing the public sector was constant within a year, the influence 
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from the patients admitted to the private hospitals should be negligible. This study only focused on 
inpatient episodes, but did not capture milder cases (e.g., those not requiring inpatient care) and more 
severe cases (e.g., fatal cases before hospitalization). Other datasets were required in order to assess 
any similarities or differences among different levels of IHD severity. The limitation of our study was 
mainly due to the observational nature. While this study only focused on the effect of weather, there 
might be effects from other factors such as financial stress or individual’s medical history. In addition, 
by using a multiple linear regression, we could only perform an exploratory analysis on the research 
question. While the daily temperature fluctuation partly explained the greater impact of winter on 
excess IHD hospitalization, much variation in the EHWS Index was left unexplained, as shown from 
the residual diagnostics. Other factors and mechanisms warrant further exploration and sophisticated 
modelling based on primary data is needed. 
6. Suggestions 
Since the older people might have difficulties in implementing preventive measures as suggested, 
merely raising awareness towards the cold weather in winter seems to have limited effect. Proactive 
strategies have to be taken to help older people prepare for the cold weather. First, a warm indoor 
environment with stable temperature has to be created and maintained, to avoid indoor temperature 
fluctuating greatly with the outdoor temperature. As recommended by the World Health Organization, 
the ideal indoor temperature should be kept at 18 and 2–3 °C warmer for the older people [40]. 
Installation of air-conditioning with warming function, or at least more efficient portable heater, is 
needed. Electricity subsidies to the older people so that they will be willing to use these apparatus; 
Second, meals on wheels have to be provided for older people who are unable to cook hot meals 
themselves. In addition to hot meals provided at community centers, special hot meals delivery 
services should be considered and enhanced in cold days, when some older people might not be 
willing/able to visit those centers; Thirdly, public education about indoor exercises should be promoted 
such that the older people can continue their regular exercises in indoor areas like home, corridor or 
lobby; Last but not least, everyone should pay special care and attention to the older people around 
them. A phone call/visit to the older people would help remind them to implement the necessary 
preventive measures, which would also allow to check and see if the older people are doing well. 
These suggested measures should be evaluated for their effectiveness in preventing excess 
hospitalizations in winter. Future study can also investigate whether similar results will be found using 
mortality data among the same population. Moreover, epidemiological study incorporating risk factors 
at individual level can be conducted to further investigate the factors to the adverse health outcomes 
during winter. 
7. Conclusions 
This study is a large ecological study to look at IHD hospitalizations among the older population  
in Hong Kong. An EHWS Index was developed to contrast the adverse effect of weather on 
hospitalizations in winter vs. summer. We found that even for a subtropical city, the effect of winter on 
IHD hospital admission was still observable among the older population, particularly among the oldest 
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old. Recommendations on preventive measures from the public health perspectives were made so as to 
minimize the adverse effect of winter. 
Acknowledgments 
The authors would like to acknowledge the Strategy and Planning Division of the Hospital 
Authority for the provision of data for this study. 
Author Contributions 
Pui Hing Chau and Jean Woo participated in the conception and design of the study and 
interpretation of the findings. Pui Hing Chau and Moses Wong participated in literature review and 
data analysis. All authors contributed to the writing of the article. 
Conflicts of Interest 
The authors declare no conflict of interest. 
References 
1. Kenney, W.L.; Munce, T.A. Invited review: Aging and human temperature regulation.  
J. Appl. Physiol. 2003, 95, 2598–2603. 
2. Conlon, K.C.; Rajkovich, N.B.; White-Newsome, J.L.; Larsen, L.; O’Neill, M.S. Preventing  
cold-related morbidity and mortality in a changing climate. Maturitas 2011, 69, 197–202. 
3. Barnard, L.F.; Baker, M.G.; Hales, S.; Howden-Chapman, P.L. Excess winter morbidity and 
mortality: Do housing and socio-economic status have an effect? Rev. Environ. Health 2008, 23, 
203–221. 
4. Davie, G.S.; Baker, M.G.; Hales, S.; Carlin, J.B. Trends and determinants of excess winter 
mortality in New Zealand: 1980 to 2000. BMC Public Health 2007, 7, doi:10.1186/1471-2458-7-263. 
5. Rudge, J.; Gilchrist, R. Excess winter morbidity among older people at risk of cold homes:  
A population-based study in a London borough. J. Public Health 2005, 27, 353–358. 
6. Healy, J.D. Excess winter mortality in Europe: A cross country analysis identifying key risk 
factors. J. Epidemiol. Community Health 2003, 57, 784–789. 
7. Wilkinson, P.; Pattenden, S.; Armstrong, B.; Fletcher, A.; Kovats, R.S.; Mangtani, P.; 
McMichael, A.J. Vulnerability to winter mortality in elderly people in Britain: Population based 
study. BMJ 2004, 329, doi:10.1136/bmj.38167.589907.55. 
8. Keatinge, W.R.; Coleshaw, S.R.; Cotter, F.; Mattock, M.; Murphy, M.; Chelliah, R. Increases in 
platelet and red cell counts, blood viscosity, and arterial pressure during mild surface cooling: 
Factors in mortality from coronary and cerebral thrombosis in winter. Br. Med. J. Clini. Res. Ed. 
1984, 289, 1405–1408. 
9. Halonen, J.I.; Zanobetti, A.; Sparrow, D.; Vokonas, P.S.; Schwartz, J. Relationship between 
outdoor temperature and blood pressure. Occup. Environ. Med. 2011, 68, 296–301. 
Int. J. Environ. Res. Public Health 2014, 11 3857 
 
 
10. Wolf, K.; Schneider, A.; Breitner, S.; von Klot, S.; Meisinger, C.; Cyrys, J.; Hymer, H.; 
Wichmann, H.; Peters, A. Air temperature and the occurrence of myocardial infarction in 
Augsburg, Germany. Circulation 2009, 120, 735–742. 
11. Monthly Meteorological Normals for Hong Kong in Hong Kong Observatory, The Government  
of the Hong Kong SAR. Available online: http://www.hko.gov.hk/cis/normal/1981_2010/ 
normals_e.htm (accessed on 20 December 2013). 
12. Number of Cold Days Observed at the Hong Kong Observatory Since 1885, Exclude 1940–1946  
in Hong Kong Observatory, The Government of the Hong Kong SAR. Available online: 
http://www.hko.gov.hk/cis/statistic/coldday_statistic_e.htm (accessed on 20 December 2013). 
13. Yan, Y.Y. The influence of weather on human mortality in Hong Kong. Soc. Sci. Med. 2000, 50, 
419–427. 
14. Leung, Y.K.; Yip, K.M.; Yeung, K.H. Relationship between thermal index and mortality in  
Hong Kong. Meteorol. Appl. 2008, 15, 399–409. 
15. Goggins, W.B.; Chan, E.Y.Y.; Yang, C.; Chong, M. Associations between mortality and 
meteorological and pollutant variables during the cool season in two Asian cities with sub-tropical 
climates: Hong Kong and Taipei. Environ. Health 2013, 12, doi:10.1186/1476-069X-12-59. 
16. Chau, P.H.; Wong, M.; Woo, J. Challenge to long term care for the elderly: Cold weather impacts 
institutional population more than community-dwelling population. J. Am. Med. Dir. Assoc. 2012, 
13, 788–793. 
17. Curriero, F.C.; Heiner, K.S.; Samet, J.M.; Zeger, S.L.; Strug, L.; Patz, J.A. Temperature and 
mortality in 11 cities of the eastern United States. Am. J. Epidemiol. 2002, 155, 80–87. 
18. Ma, W.; Xu, X.; Peng, L.; Kan, H. Impact of extreme temperature on hospital admission in 
Shanghai, China. Sci. Total Environ. 2011, 409, 3634–3637. 
19. Hong Kong Population Projections 2012–2041 in Census and Statistics Department,  
The Government of the Hong Kong SAR. Available online: http://www.censtatd.gov.hk/ 
media_workers_corner/pc_rm/hong_kong_population_projections_2012_2041/index.jsp (accessed 
on 20 December 2013). 
20. Chau, P.H.; Chan, K.C.; Woo, J. Hot weather warning might help to reduce elderly mortality in 
Hong Kong. Int. J. Biometeorol. 2009, 53, 461–468. 
21. Thach, T.Q.; Wong, C.M.; Chan, K.P.; Chau, Y.K.; Chung, Y.N.; Ou, C.Q.; Yang, L.; Hedley, A.J. 
Daily visibility and mortality: Assessment of health benefits from improved visibility in Hong 
Kong. Environ. Res. 2010, 110, 617–623. 
22. Guidelines on Biometeorology and Air Quality Forecasts; World Meteorological Organization: 
Geneva, Switzerland, 2004. 
23. Teng, H.J.; Zheng, S.; Wang, M.Z.; Li, B.; Yin, L.; Li, J.X.; Wang, S.G.; Zhou, Z.Y.; Qiu, H.Y.; 
Li, T.S. Diurnal temperature range and daily emergency room admissions among the elderly in 
Beijing, China. Biomed. Environ. Sci. 2013, 26, 857–860. 
24. Lim, Y.H.; Hong, Y.C.; Kim, H. Effects of diurnal temperature range on cardiovascular and 
respiratory hospital admissions in Korea. Sci. Total Environ. 2011, 417–418, 55–60. 
25. Qiu, H.; Yu, I.T.; Tse, L.A.; Tian, L.; Wang, X.; Wong, T.W. Is greater temperature change 
within a day associated with increased emergency hospital admissions for heart failure?  
Circ. Heart Fail. 2013, 6, 930–935. 
Int. J. Environ. Res. Public Health 2014, 11 3858 
 
 
26. Tam, W.W.; Wong, T.W.; Chair, S.Y.; Wong, A.H. Diurnal temperature range and daily 
cardiovascular mortalities among the elderly in Hong Kong. Arch. Environ. Occup. Health 2009, 
64, 202–206. 
27. Barnard, L.F. Home Truths and Cool Admissions: New Zealand Housing Attributes and Excess 
Winter Hospitalisation. Ph.D. Thesis, University of Otago, Dunedin, New Zealand, 2010. 
Available online: http://hdl.handle.net/10523/591 (accessed on 30 December 2013). 
28. Excess Winter Deaths Atlas: User Guide in West Midlands Public Health Observatory. Available 
online: http://www.wmpho.org.uk/excesswinterdeathsinenglandatlas/default.aspx (accessed on  
20 December 2013). 
29. Curwen, M. Excess winter mortality: A British phenomenon? Health Trends 1991, 4, 169–175. 
30. Morris, J.A.; Gardner, M.J. Calculating confidence intervals for relative risks (odds ratios) and 
standardised ratios and rates. Br. Med. J. 1988, 296, 1313–1316. 
31. Schwartz, J. Who is sensitive to extremes of temperature?: A case-only analysis. Epidemiology 
2005, 16, 67–72. 
32. Kingma, B.R.; Frijns, A.J.; Saris, W.H.; van Steenhoven, A.A.; Lichtenbelt, W.D. Increased 
systolic blood pressure after mild cold and rewarming: Relation to cold-induced thermogenesis 
and age. Acta Physiol. 2011, 203, 419–427. 
33. Schneider, A.; Panagiotakos, D.; Picciotto, S.; Katsouyanni, K.; Lowel, H.; Jacquemin, B.; Lanki, T.; 
Stafoggia, M.; Bellander, T.; Koenig, W.; et al. Air temperature and inflammatory responses in 
myocardial infarction survivors. Epidemiology 2008, 19, 391–400. 
34.  Press Releases—Cold Weather Precautions Urged in Information Services Department, The 
Government of the Hong Kong SAR. Available online: http://www.info.gov.hk/gia/general/ 
201212/04/P201212040387.htm (accessed on 20 December 2013). 
35. Kwok, T.; Hui, E.; Woo, J. Are older people living in the subtropics at risk of hypothermia?  
Aust. N. Zeal. J. Med. 1997, 27, 76. 
36. Fellows, I.W.; Macdonald, I.A.; Bennett, T.; Allison, S.P. The effect of undernutrition on 
thermoregulation in the elderly. Clin. Sci. 1985, 69, 525–532. 
37. Vanhees, L.; Rauch, B.; Piepoli, M.; van Buuren, F.; Takken, T.; Borjesson, M.;  
Bjarnason-Wehrens, B.; Doherty, P.; Dugmore, D.; Halle, M.; et al. Importance of characteristics 
and modalities of physical activity and exercise in the management of cardiovascular health in 
individuals with cardiovascular disease (Part III). Eur. J. Prev. Cardiol. 2011, 19, 1333–1356. 
38. Climatological Information Services in Hong Kong Observatory, The Government of the  
Hong Kong SAR. Available online: http://www.hko.gov.hk/cis/climat_e.htm (accessed on  
20 December 2013). 
39. Anderson, B.G.; Bell, M.L. Weather-related mortality: How heat, cold, and heat waves affect 
mortality in the United States. Epidemiology 2009, 20, 205–213. 
40. Health Impact of Low Indoor Temperatures. Report on a WHO Meeting; World Health 
Organization Regional Office for Europe: Copenhagen, Denmark, 1987. 
© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 
